uct and onto the boundary condition data set were found to correlate at 0.97 when care was taken to exclude gridpoints south of 50°S.
R. S. Vose et al., The Global Historical Climatology
Network: Long-term monthly temperature, precipitation, sea level pressure, and station pressure data. ORNL/CDIAC-53, NDP-041 (Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, Oak Ridge, TN, 1992). 21. PCA is a mathematical procedure routinely used in the geophysical sciences to extract the dominant patterns of variability. It identifies the spatial structures, or empirical orthogonal functions (EOFs), and related temporal structures, also known as PCs, that sequentially maximize the fraction of the total variability that they represent (34-36). 22 . A. Giannini, R. Saravanan, P. Chang, data not shown. 23 . The impact of tropical Atlantic SST anomalies on the West African monsoon has been the subject of observational studies dating back to the 1970s (15, 16) , as well as of two recent modeling studies by Vizy and Cook (37, 38). In the presence of an equatorial Atlantic SST anomaly akin to the one associated with the model's Gulf of Guinea PC (Fig. 2C ), a dipole in precipitation stands out in observations, with anomalies of opposite sign in the Sahel and along the Gulf of Guinea coast. This dipole is captured in our analysis of observed rainfall variability in the Sahel EOF (22) ; the regression of the observed Sahel PC onto SST (22) Cohorts of marine taxa that originated during recoveries from mass extinctions were commonly more widespread spatially than those originating at other times. Coupled with the recognition of a correlation between the geographic ranges and temporal longevities of marine taxa, this observation predicts that recovery taxa were unusually long-lived geologically. We analyzed this possibility by assessing the longevities of marine genus cohorts that originated in successive substages throughout the Phanerozoic. Results confirm that several mass extinction recovery cohorts were significantly longer lived than other cohorts, but this effect was limited to the post-Paleozoic, suggesting differences in the dynamics of Paleozoic versus post-Paleozoic diversification.
In evaluating the global biotic effects of mass extinctions, attention has focused increasingly on recovery biotas, the taxa that originated or contributed to diversity in the immediate aftermaths of extinction events (1-5). Postextinction diversification has proven to be more geographically and temporally complex than once envisioned, with the onset of major rebounds in diversity characterized by lag times and geographic variability (6-9). Nevertheless, several principles have emerged regarding the biological attributes of recovery taxa. They are thought to be characterized by geographic and/or environmental (i.e., spatial) distributions that were substantially broader, on average, than those of taxa originating at other times (4, 10) , although this has not been demonstrated definitively for all of the major mass extinctions of the Phanerozoic. In addition, macroevolutionary theory suggests that taxa with broad spatial distributions should persist for longer geological intervals than those with narrow distributions (11, 12) . Thus, it can be hypothesized that cohorts of taxa originating immediately after mass extinctions exhibited significantly greater longevities than their counterparts that originated in surrounding intervals.
Here, we demonstrate that this was, indeed, the case for several post-Paleozoic recovery cohorts and that the pattern is impervious to several plausible artifacts. Interestingly, the pattern does not extend back to recovery cohorts of the Paleozoic era.
The analyses were conducted with Sepkoski's genus-level marine compendium (13), a robust resource for the investigation of large-scale patterns of diversification and extinction (14). Sepkoski's "substage"-level stratigraphic binning was maintained for the present study, and only genera whose first and last appearances were resolved to the levels of these substage bins were included here (15) . The longevity of each genus was calibrated as the number of bins for which it was extant. Figure 1A depicts the mean longevities of cohorts originating in Phanerozoic intervals ranging from the late Vendian through the Quaternary. Of particular note are three statistically significant (15) longevity maxima in the post-Paleozoic that correspond to the Early Induan and Late Induan of the Early Triassic; the Late Norian of the latest Triassic and the adjacent Hettangian of the earliest Jurassic; and the Early Berriasian of the Early Cretaceous (16 ) . In addition, although not as pronounced as the earlier maxima, a local maximum is observed for the Early Paleocene (supporting online text).
A comparison of mean genus longevities with Phanerozoic genus extinction rates (17) suggests a close relation between longevity maxima and mass extinctions (Fig. 1B) . Three of the maxima encompass intervals immediately after three of the "big five" mass extinctions of the Phanerozoic: the Late Permian, Late Triassic, and Late Cretaceous (K/T) events. In addition, the Early Berriasian maximum occurs immediately after an interval of elevated extinction (18) in the Late Tithonian.
Before considering the possible biological importance of the observed signal, it is necessary to assess potential nonbiological factors that might have played artifactual roles in producing the outcome. First, a decline analogous to that exhibited in the approach to the Recent might also have been produced in the approach to any major extinction event (supporting online text). To assess this possibility, the analysis was redone after culling all genera that became extinct during the mass extinctions in question, as well as during additional post-Paleozoic extinction events (15) . The results (Fig. 1C) demonstrate that the initial set of maxima is maintained, although the relative heights of some maxima were altered and, interestingly, an additional maximum is observed for the Late Guadalupian interval of the Late Permian. Second, to investigate the possibility that the means of observed maxima were inflated by the presence of a small number of genera that persisted all the way to the Recent, the analysis was also conducted after culling from the original database all genera that are extant today. The resulting pattern was quite similar to that observed without culling (Fig. 1D) , although the Hettangian maximum was reduced, and the Early Paleocene maximum is no longer statistically significant.
We have carried out the same analyses using several alternative protocols: the use of median cohort longevities rather than means; the use of stage-level bins rather than substages, which would have permitted the inclusion of genera from the database whose first or last occurrences were not resolved to substage; and the merging together of adjoining substage bins that were either of unusually short duration or contained small cohorts. Although the nature of some maxima changed-particularly the broadening of some postextinction maxima to include the mass extinctions that immediately preceded themthey did not appreciably alter the results reported here, demonstrating that the results are robust. Figure 1 exhibits two additional features. First, the pattern is almost entirely limited to the post-Paleozoic. There is no indication of a meaningful pattern at any time before the Late Guadalupian, nor is there any consistent association between Paleozoic mean longevity patterns and the record of Paleozoic extinction (Fig. 1B) . Given that the mean duration of Paleozoic substages was greater than that of the post-Paleozoic (15), there might be some concern that the depressed Paleozoic pattern is an artifact: A Paleozoic genus that was extant for the same amount of absolute time as a post-Paleozoic genus might have been extant for a smaller number of substages. However, the actual differences in mean substage lengths between the two intervals [3.72 million years (My) for the Paleozoic versus 3.36 My for the post-Paleozoic] are too small to have caused the longevity differences observed here. Rather, the pattern bolsters the growing evidence suggesting that there were differences in the dynamics of Paleozoic versus post-Paleozoic origination and extinction (19) , with the transition perhaps triggered by the Late Permian mass extinction. In addition, preserved biotas came predominantly from epicontinental seas in the Paleozoic but from open ocean environments in the post-Paleozoic (20) . This may have caused a secular transition in the evolutionary attributes of marine taxa, given indications that the dynamics of taxa differed noticeably between these two settings (21) .
Second, in two cases, the maxima include cohorts that originated in substages during intervals of mass extinction. The peak value observed in the Hettangian was immediately preceded by a value that was nearly as high in the Late Norian, an interval of mass extinction (Fig. 1B) . In addition, the Late Guadalupian peak that emerged when genera that became extinct during mass extinctions were culled from the data (Fig.  1C ) occurred in an interval of elevated extinction that preceded the end-Permian coup de grace (22) . Thus, in at least some instances, it appears that genera originating during intervals of elevated extinction that survived these events had longevities, and perhaps other characteristics, comparable to those observed in recovery cohorts. This result is not unexpected, given previous analyses of "disaster taxa" that survived mass extinctions (1) (2) (3) (4) (5) 10) .
One possible mechanism for the results documented here concerns the effect of species-level origination and extinction rates on the longevities of genera. If, as would be expected, speciation rates are high relative to species extinction rates in the aftermaths of mass extinctions, then a genus that originates shortly after an extinction event, or carries over from before the event, will tend to accumulate species during the substage after the event. All else being equal, this initially higher species richness should enhance the longevity of the genus relative to genera that originate after the interval of elevated speciation rates. To illustrate this mechanism, Fig. 2 shows results from a basic birth-death model (15, 23, 24) . Speciation rates within genera are assumed to be higher than species extinction rates for an initial substage; afterward, speciation and extinction rates are assumed equal.
These calculations suggest that a substantial difference in median genus longevity can result from a modest and short-lived excess of speciation over species extinction. For example, the average long-term rate of species extinction of marine invertebrates is in the neighborhood of 0.25 per lineage-million-years (25) . In this case, a speciation rate that is 60% higher than extinction for just a few million years, after which it is equal to extinction, will increase median genus duration by ϳ50% relative to a speciation rate that is equal to extinction from the start.
Although our analyses confirm expectations that several recovery cohorts had greater mean longevities than did cohorts originating at other times, they do not demonstrate that these same genera also had unusually large geographic or environmental ranges. This can only be determined by directly evaluating the spatial occurrences of these genera in strata around the world.
Our findings also have ramifications for conservation biology. There is compelling evidence that the earth is currently in the midst of a human-induced mass extinction (26) and that many of the survivors of this extinction are likely to be ecological generalists capable of subsisting in a wide spectrum of settings. The present analysis suggests that the same will be true of any initial recovery of global biodiversity from this extinction and that the taxa that contribute to the recovery are likely therefore to persist for extended periods into the future. Fig. 2 . Elevation in median genus duration produced during an interval in which speciation rate ( p) within the genus exceeds species extinction rate (q). The initial interval is assumed to be 4 My, about the length of a substage in our analysis.
